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t r ac6  u n  r{seau  d ' i s o c h r o n e s  c o r r e s p o n d a n t  g d ive r ses  
va l eu r s  de  t de 10 k 3000 mi l l ions  d ' a n n & s .  On  y a 
t e n u  c o m p t e  de la  d6c ro i s sance  de l ' a c t i v i t 6  en  s u p p o s a n t  
u n  r a p p o r t  u n i t 6  des ac t iv i t6s  de I 'U  e t  du  Th .  

On  v o l t  que  les p o i n t s  e x p f i r i m e n t a u x  c o m p r i s  e n t r e  
D = 2/~ e t  D = 20/~ se p l a c e n t  d a n s  l ' o r d r e  r e l a t i f  exac t .  
L a  s 6 p a r a t i o n  e n t r e  les r o c h e s  t e r t i a i r e s  e t  p r i m a i r e s  es t  
c o m p l e t e ,  m a i s  les  r o c h e s  h e r c y n i e n n e s  e t  c a l 6 d o n i e n n e s  
o n t  des  ~ges d o n t  le r a p p o r t  es t  t r o p  v o i s i n  de  1 p o u r  
8 t r e  s~par6s  a v e c  s & u r i t &  

I1 f a u t  n o t e r  que  le p a r a m ~ t r e  o p t i q u e  d 6 p e n d  clans 
une  c e r t a i n e  m e s u r e  de la  t e c h n i q u e  p h o t o m ~ t r i q u e  
a d o p t & .  U n  6 t a l o n n a g e  pr61 imina i re  e s t  done  r eeom-  
m a n d 6 ;  les v a l e u r s  donn6es  ne  s o n t q u ' i n d i c a t i v e s .  

Les  gges prf isent6s  ici  d ~ p e n d e n t  i n d i r e c t e m e n t  de  la  
m & h o d e  a n  p l u m b .  U n e  d & e r m i n a t i o n  v r a i m e n t  a b s o l u e  
p a r  Ia  m & h o d e  des  ha lo s  i m p l i q u e r a i t  u n e  c a l i b r a t i o n  
p a r  i r r a d i a t i o n  ar t i f ic ie l le .  

L a  r n & h o d e  de  d & e r m i n a t i o n  de l'Age d ' u n e  roche  
6 r u p t i v e  p a r  les ha los ,  r e l a t i v e m e n t  s imple  e t  bas6e  su r  
u n  p h 6 n o m ~ n e  t r~s  f r6quen t ,  n o u s  s e m b l e  p r 6 s e n t e r  de 
l ' i n t 6 r &  p o u r  l e  g6ologue.  I1 es t  t r o p  t 6 t  p o u r  d6f in i r  sa  
pr6cis ion.  Son  d o m a i n e  d ' a p p l i e a t i o n  s ' & e n d r a  p r ine i -  
p a t e m e n t  a u x  r o c h e s  j e u n e s  ( p o s t - c a m b r i e n n e s ) ,  ca r  sa  
p r & i s i o n  d @ e n d  s u r t o u t  d u  r a p p o r t  des  gges. De plus,  
p o u r  tes r o c h e s  t r~s  a n c i e n n e s ,  les dens i t6 s  o p t i q u e s  con-  
v e n a b l e s  (D < 20/~) c o r r e s p o n d e n t  ~ des  ac t i v i t~ s  sp6ci-  
f iques  t r o p  fa ib les  p o u r  6 t re  mesur6es  su r  u n e  seule in-  
c lusion.  

A j o u t o n s ,  p o u r  t e r m i n e r ,  que  ce t t e  r e & b o d e ,  au  m 6 m e  
t i t r e  que  d ' a u t r e s  bas4es  su r  des  e t fe t s  p h y s i q u e s  de 
r a d i a t i o n :  ~ t a t  m & a m i c t  ~, t h e r m o l u m i n e s c e n c e L  p o u r -  
r a i t  d o n n e r  des  r e n s e i g n e m e n t s  su r  l 'Age des  r o e h e s  m & a -  
m o r p h i q u e s  ou, i n v e r s e m e n t ,  s u r  l ' h i s to i r e  t h e r m i q u e  de  
roehes  &Age e o n n u .  

Nous sommes redevables au professeur A. BIANCHI et A M me 
HIEKE-MERLIN de l'Universit6 de Padoue et au Professeur P. MlCHOT 
de l'Universit6 de Liege des lames minces de l'Adamello et d'Ecosse 
ainsi que d'utiles discussions sur t 'attribution des ~ges g6ologiques. - 
Nous remercions MM. A. DEWALHEYNS et L. OAKUM pour Ia r6alisa- 
tion des circuits 61cctroniques et de la partie m6canique du micro- 
photom~tre. 

SARAH DEUTSCH, D. HIRSCHBERG e t  
E .  PICCIOTTO 

Laboratoire de P h y s i q u e  Nucldaire,  Facu l td  des Sciences 
Appt iqudes ,  Univers i td  Libre  de Bruxel tes ,  te 25 ddcembre 
1954. 

S u m m a r y  

I n  t h i s  p r e l i m i n a r y  work ,  t h e  p o s s i b i l i t y  of d a t i n g  
c ry s t a l l i ne  rocks  b y  p l eoch r0 i c  ha loes  h a s  b e e n  s tud i ed .  

H a l o - m i c r o p h o t o m e t r y  ha s  b e e n  c o m b i n e d  w i t h  meas -  
u r e m e n t  of t h e  a l p h a - a c t i v i t y  of  t h e  inc lus ions  b y  t h e  
p h o t o g r a p h i c  m e t h o d .  

S t a n d a r d  t h i n  sec t ions  of wel t  d a t e d  g r a n i t e s  h a v e  
b e e n  used  for  c a l i b r a t i o n  pu rposes .  T h e  r e c i p r o c i t y  l aw 
is s h o w n  to  be  v a l i d  w i t h i n  t h e  l i m i t  of e r ror .  T h e  reso lv-  
ing  power  of t h i s  m e t h o d  d e p e n d s  e s sen t i a l ly  on  t h e  age 
ra t io .  T e r t i a r y  and  p r i m a r y  rocks  a re  eas i ly  s e p a r a t e d .  

1 H. D. HOLLAND et J. L. KULP, Science a, 312 (1950). - P. 
HURLEY et H. W. FAIRBAIRN, Bull. Geol. Soc. Amer. 64, 659 (1953). 

D. F. MOREHE~.D et F. DA~IELS, J. Phys. Chem. 56, 548 (195~). 

Kationengleichgewichte 
in biologischen Systemen 

l~retallionen u n d  biotogische W i r h u n g  ~ 

A m  b io log i s chen  G e s c h e h e n  s ind  i n s b e s o n d e r e  Vor-  
ggnge  in wgsse r igen  S y s t e m e n  be te i l i g t ,  die n e b e n  orga-  
n i s c h e n  V e r b i n d u n g e n  n o c h  a n o r g a n i s c h e  I o n e n  e n t -  
h a l t e n .  V o n  d i e sen  I o n e n  s ind  wieder ,  wie  d u r c h  zah l -  
r e i che  U n t e r s u c h u n g e n  b e k a n n t  g e w o r d e n  is t  ~, die 
I o n e n  de r  s o g e n a n n t e n  S p u r e n e l e m e n t e  Fe,  Mn, Cu, Zn,  
Co a n d  Mo y o n  grosser  B e d e u t u n g ,  i n d e m  die W i r k u n g  
v ie l e r  F e r m e n t e  a n  ih r  V o r h a n d e n s e i n  g e b u n d e n  ist .  

N a c h  de r  S ~ u r e - B a s e n - T h e o r i e  y o n  L E w i s  s ind  n u n  
so lche  M e t a l l i o n e n  e b e n s o  wie I-I+ als  , Sgure  ~>Partikel  
au f zu fa s sen .  E s  i s t  d e s h a l b  y o n  I n t e r e s s e ,  da s  r e l a t i v e  
V e r h a l t e n  Mler  d ie se r  I o n e n  g e g e n i i b e r  o r g a n i s c h e n  
K o m p l e x b i l d n e r n  q u a n t i t a t i v  zu c h a r a k t e r i s i e r e n .  

Mi t  R wol len  w i r  e ine  o r g a n i s c h e  V e r b i n d u n g  beze ieh -  
nen ,  die e ine ode r  m e h r e r e  ba s i s ehe  H a f t s t e l l e n  bes i t z t .  
R k a n n  d a b e i  g e l a d e n  ode r  u n g e l a d e n  sein.  U r n  die 13e- 
s e t z u n g  d iese r  H a f t s t e l l e n  k o n k u r r i e r e n  n u n  M e t a l l i o n e n  
Mx~+... Mn ~+ u n d  H +. I ) b e r  die S t a b i l i t g t e n  de r  e n t s p r e -  
c h e n d e n  M e t a l l k o m p l e x e  bzw.  des  A s s o z i a t e s  m i t  H + 
g e b e n  die  S t a b i l i t A t s k o n s t a n t e n  k u n d  kH + in  d e n  Gle ich-  
g e w i c h t e n  (1) u n d  (2) A u s k u n f t .  

I RMn ~+ [ ] RH+ [ 1 
]Mn =+[ [ R I  k (1) I H + I I R I  k H + =  ~ (2) 

ks b e d e u t e t  d a b e i  in  G l e i c h u n g  (2) die A z i d i t g t s k o n -  
s t a n t e  de r  V e r b i n d u n g  R.  

U m  nu l l  d ie  S t e l l u n g  des  W a s s e r s t o f f - I o n s  i n n e r h a l b  
d e r  B e s t / i n d i g k e i t s r e i h e  de r  M e t a l l i o n e n  M12+... Mn ~+ 
s i c h t b a r  zu m a c h e n ,  b e n i i t z e n  Wir als Masszah l  de r  K o m -  
p l e x s t a b i l i t g t  d e n  Q u o t i e n t e n  k/kH+ u n d  b e z e i c h n e n  
diese K o n s t a n t e  m i t  k *a, Die A f f i n i t g t  des  W a s s e r s t o f f -  
I ons  zu R wi rd  d a m i t  in  de r  R e i h e  de r  log k * - W e r t e  - wie  
in  de r  S p a n n u n g s r e i h e  der  Me ta l l e  - zu e i n e m  n a t f i r l i c h e n  
N u l l p u n k t .  

Be i  de r  B e t r a c h t u n g  de r  K o m p l e x s t a b i l i t g t e n  b e k a n n -  
t e r  K o m p l e x b i l d n e r  fgl l t  n u n  auf,  dass ,  wXhrend  die  
y o n  H.  IRVING u n d  R.  J .  P.  WlLLIAbIS a n g e g e b e n e  Rei -  
h e n f o l g e  de r  M e t a l l i o n e n  4, n a c h  d e n  b i s h e r i g e n  U n t e r -  
s u c h u n g e n ,  u n a b h f i n g i g  y o n  de r  S t r u k t u r  y o n  R kon -  
s t a n t  b l e ib t ,  die S t e l l u n g  des  H + in de r  R e i h e  v e r g n d e r -  
l ich  i s t  u n d  d a m i t  fi ir  R c h a r a k t e r i s t i s c h  wird .  

I n  de r  Fo lge  s ind  log h*&hTerte fi ir  4 v e r s c h i e d e n e  
K o m p l e x b i l d n e r  a n g e g e b e n  s {Fig). 

O x i n  is t  e ine  d e r  w e n i g e n  V e r b i n d u n g e n ,  die pos i t i ve  
log k * - W e r t c  au fwe i sen ,  das  he i s s t  be i  g l e i chen  K o n z e n -  
t r a t i o n e n  y o n  Cu 2+ u n d  H + v e r m a g  Cu 2+ das  P r o t o n  zu 
v e r d r i i n g e n .  Ff i r  A m i n o s g u r e n  abe r ,  u n d  i n s b e s o n d e r e  
ffir e i n f a c h e  P e p t i d e ,  die in  e r s t e r  N~iherung  als  P r o t e i n -  
mode l l e  a n g e s e h e n  w e r d e n  k 6 n n e n ,  s i n d  die log k * - W e r t e  
d u r c h w e g  n e g a t i v .  

x 32. Mitt.; 31. Mitt. siehe H. ERLENMEYER und H. REY-BELLET, 
Helv. a8 (1955). 

2 O* WARDURG, Schwermetalle als Wirkungsgruppen yon Fer- 
menten (Dr. W, S~inger, Berlin 1946). - E. L. SmT~, Aspects o/the 
Speci/icity and *node o] action o[ some Peptidases. Enzymes and En- 
zyme Systems {Harvard University Press, Cambridge 1951), p. 49. - 
I. M. KLOTZ, Thermmdynamic and Molecular Properties o/some Metal 
Protein Complexes, A Symposium on the Mechanism o] Enzyme 
Action (The John Hopkins Press, Baltimore 1954), p. 257. 

a S. I~ALLAB, Exper. 10, 190 (1954). 
4 H. IRVING and R. J. P. WILLIAMS, J. chem. Sue. 1953, 3192. 
5 -A. E. MARTELL und M. CALVXN, Chemistry o] the Metal Chelate 

Compounds (Prentice Hall Ing., New York 1952), p. 527. 
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Die  A n w e n d u n g  d ieser  m o d e l l m ~ s s i g e n  B e t r a c h t u n g  
e r l a u b t  n u n  i n t e r e s s a n t e  F e s t s t e l l u n g e n  h i n s i c h t l i c h  des 
M e t a l l i o n e n - H a u s h a l t s  in  O r g a n i s m e n .  
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De r  C u - G e h a l t  im  P l a s m a  des M e n s c h e n  w i rd  zu 
100 =[= 1 0 .  10 -6 g /100 c m  3 a n g e g e b e n  1, Das  e n t s p r i c h t  
e ine r  K o n z e n t r a t i o n  v o n  1,6 • 10 -* tool/1. Be i  e i n e m  Ge- 
s a m t - P r o t e i n g e h a l t  y o n  5 %  u n d  u n t e r  de r  A n n a h m e  
e ines  m i t t l e r e n  M o l e k u l a r g e w i c h t s  v o n  900004 e r g i b t  
s ich  e ine  P r o t e i n k o n z e n t r a t i o n  y o n  6,7 • 10 -~. Do,  wie  
KOECHLI~; 2 geze ig t  h a t ,  e in  P r o t e i n m o l e k i i I  zwei  Meta t l -  
i o n e n  b i n d e t ,  so wi rd  die K o n z e n t r a t i o n  de r  zu r  Meta l l -  
k o m p l e x b i n d u n g  b e f ~ h i g t e n  Molekf i l res te  R r u n d  
1 ,3 .  10 -° .  U n t e r  de r  V o r a u s s e t z u n g  e ines  m i t t l e r e n  
l o g - h * - W e r t e s  y o n  -- 3,0 f i n d e r  m a n  d a n n  b e i m  p H  7 fiir 
das  V e r h g l t n i s  g e b u n d e n e s  M e t a l l  zu f r e i em M e t a l l  
I RMe~+ [/l Me2+ I = 13. Dos  b e d e u t e t ,  dass  die im P las -  
m a  v o r h a n d e n e n  Cu 2+ zu r  H a u p t s a c h e  a n  das  P r o t e i n  
g e b u n d e n  s ind .  

Die  K o n z e n t r a t i o n  de r  im P l a s m a  frei  v o r k o m m e n d e n  
Cu ~+ w/ire d e m n a c h  e t w a  10 -8. Es  is t  a n z u n e h m e n ,  dass  
dies e i n e m  G l e i c h g e w i c h t s z u s t a n d  e n t s p r i c h t ,  de r  d u r c h  
den  s t ~ n d i g e n  Zuf luss  n e u e r  M e t a l l i o n e n  y o n  a u s s e n  auf-  
r e c h t e r h a l t e n  wird .  

Die  A b w e i c h u n g e n  des  K u p f e r s p i e g e t s  im k r a n k e n  
O r g a n i s m u s  gegen i ibe r  d e r  N o r m  k 6 n n e n  e r h e b l i c h e  
W'er te  e r r e i chen .  So k a n n  i m  Fa l l e  e ine r  Leukf imie  u n d  
e in iger  I n f e k t i o n s k r a n k h e i t e n  die Cu-Menge  im P l a s m a  
v e r d o p p e l t  w e r d e n  3. F a s s t  m a n  diese E r h 6 h u n g  des  
K u p f e r s p i e g e l s  als e ine E r h 6 h u n g  de r  K u p f e r k a p a z i t / t t  
des S y s t e m s  be i  g l e i c h b l e i b e n d e r  C u - Z u f u h r  v o n  a u s s e n  
- d a s  h e i s s t  be i  g l e i c h b l e i b e n d e r  K o n z e n t r a t i o n  a n  f re ien  
Cu 2+ - auf ,  so k a n n  dies  d u r c h  v e r s c h i e d e n e  F a k t o r e n  
b e d i n g t  se in :  

1. D u r c h  e ine  E r h 6 h u n g  des  p H  u m  0,3 E i n h e i t e n .  

2. D u r c h  e ine  A n d e r u n g  i m  m i t t l e r e n  k* des S y s t e m s  
u m  e i n e n  F a k t o r  2 d u r c h  A u f f r e t e n  s t /£rkerer  K o m -  
p l e x b i l d n e r .  

3. D u t c h  e ine  V e r k l e i n e r u n g  des  m i t t l e r e n  Moleku la r -  
g e w i c h t s  de r  C u - b i n d e n d e n  P r o t e i n e .  

S. FALLAB u n d  H.  ERLENMEYER 

Anstal t  /~r  anorganische Chemie der Universitiit Basel, 
den 8. Februar 1955. 

1 G. E. CARTVCRIGHT, Copper 3letabolism i~ Human Sub~ects 
(The John Hopkins Press, Baltimore 1950), p. 274. 

B. E. KOECHLI~, J. Amer. Soc. 74, 2649 (1952). 
3 G, E, CARTX, VRIGHT, copper Metabolism iu Huma~ Subjects 

(The John Hopkins Press, Baltimore 1950), p. 274. 

S u m m a r y  

The  a f f i n i t y  of H +  a n d  v a r i o u s  m e t a l - i o n s  t o w a r d s  
c o m p l e x i n g  a g e n t s  of b io log ica l  i m p o r t a n c e  is c h a r a c -  
t e r i s ed  b y  t h e  f o r m a t i o n  c o n s t a n t  k*. T h e  b i n d i n g  s t a t e  
of Cu ~-+ in h u m a n  p l a s m a  is d i s c u s s e d  a n d  t h e  a m o u n t  of 
free Cu 2+ is e s t i m a t e d  to  a b o u t  10 -6  moles  pe r  l i ter .  

T h e  S t e r i c  Course  of H y d r o g e n a t i o n  
of a 4 and A ~ S tero ids~  

I n  o r d e r  to  r a t iona l i ze  a n d  p r e d i c t  t h e  s t e r i c  cou r se  of 
c a t a l y t i c  h y d r o g e n a t i o n  occu r ing  close to  r o o m  t e m p e r a -  
t u r e  a n d  a t m o s p h e r i c  p re s su re  t h e r e  h a s  d e v e l o p e d  t h e  
n o t i o n  of a simultaneous cis attack o n  t h e  l eas t  h i n d e r e d  
side of t h e  u n s a t u r a t e d  s u b s t r a t e  b y  h y d r o g e n  a d s o r b e d  
on  t h e  c a t a l y s t  sur face  2. I n  the  t e x t  be low t h e  c u r r e n t  
c o n c e p t s  of ax ia l  3 a n d  e q u a t o r i a l  ana ly s i s  4 h a v e  b e e n  
a p p l i e d  t o  t h e  h y d r o g e n a t i o n  of c a r b o n  to  c a r b o n  d o u b l e  
b o n d s .  

T h e  f a v o r e d  s te r ic  course  of r e d u c t i o n  passes  t h r o u g h  
t he  m o s t  s t a b l e  i n t e r m e d i a t e  c o m p l e x  s. Th i s  c o m p l e x  I, 
a q u a s i  s i x - m e m b e r e d  r ing  (axial  b o n d s  are  solid l ines,  
e q u a t o r i a l  b o n d s  a re  b r o k e n  lines) is he ld  t o g e t h e r  b y  
p a r t i a l  b o n d s  8 b e t w e e n  two  ac t ive  cen t r e s  on  t h e  c a t a -  
lys t  v, two  h y d r o g e n  a t o m s ,  a n d  t h e  two  o r ig ina l l y  un-  
s a t u r a t e d  c a r b o n  a t o m s .  E n t e r i n g  h y d r o g e n ,  w h i c h  is 
ax ia l ,  is s t e r i ca l l y  h i n d e r e d  b y  meta cis axial  s u b s t i t u e n t s  
of t h e  s u b s t r a t e ,  wh i l e  h i n d r a n c e  to  new  e q u a t o r i a l  
h y d r o g e n  is n e g l e c t e d !  T h i s  h i n d r a n c e  to  t h e  new h y d r o -  
gens  is t e r m e d  t h e  pr imary  steric factor. A n o t h e r  s te r ic  
f a c t o r  ca l led  t h e  secondary steric/actor is t h e  i n t e r a c t i o n s  
b e t w e e n  r ings  a n d  s u b s t i t u e n t s  as t h e  molecu le  a s sumes  
i t s  r educed  fo rm.  Th i s  l a t t e r  s t e r ic  f a c t o r  is u sua l l y  b u t  
n o t  neces sa r i l y  of  m i n o r  i m p o r t a n c e .  

C a t a l y t i c  r e d u c t i o n  of A* s t e ro id s  h a s  b e e n  c o n s i d e r e d  
u s u a l l y  to  give a n  excess  of A / B  cis c o m p o t i n d s  8, whi le  
r e d u c t i o n  of zJ 5 s t e ro ids  i n v a r i a b l y  y ie lded  a p r e p o n -  
d e r a n c e  of A / B  trans p r o d u c t s  9, T h u s  h y d r o g e n a t i o n  
of choles tene-41°  in a n e u t r a l  m e d i u m  gave  p r i n c i p a l l y  
c o p r o s t a n e  ( A / B  cis), whi le  in a s im i l a r  r e d u c t i o n  of 
cho le s t ene -5  xx, c h o l e s t a n e  ( A / B  trans) was t h e  m a i n  
p r o d u c t .  

S t r u c t u r e s  n a n d  n I  r e p r e s e n t  t h e  two  poss ible  
c o m p l e x e s  for  t he  r e d u c t i o n  of A 4 s te ro ids .  BARTON 4 
d e d u c e d  t he  c o n f o r m a t i o n s  for  t h e  A / B  cis a n d  A / B  
trans s t e ro ids  w i t h  a m a x i m u m  n u m b e r  of r ings  in t h e  
c h a i r  fo rm.  I n  t h e  A / B  trans series on ly  one c o n f o r m a -  
t i o n  is poss ib le  as t h e  trans s u b s t i t u e n t s  a t  C.5 a n d  C.10 
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